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ORIENTATION AND SLOPE PREFERENCE IN BARREL CACTUS {FEROCACTUS
ACANTHODES) AT ITS NORTHERN DISTRIBUTION LIMIT
James Ehleringer' and Donna House'

Abstr.\ct.— Microsite distribution and diurnal tissue temperature fluctuations were measured in Fcrocactus acannorthern distribution limit in the Beaver Dam Mountains of southwestern Utah. At this
location, barrel cacti were limited to south-facing slopes. Orientation (azimuth and angle) of both the cactus stem
tliodes (l)arrel cactus) at its

were nonrandom, strongly facing south. The potential adaptive sigdamage under low wintertime conditions and
minimizing high temperature damage under summertime conditions is discussed.

and

of the apical region at the top of the cactus

nificance of this orientation in minimizing apical meristematic tissue

Barrel cactiis {Ferocactus acanthodes (Le-

limit.

a globular-columnar

ships

maire) Britt. and Rose)
cactus

common

to the

is

warm

desert regions of

southwestern North America (Shreve and
Wiggins 1964, Benson 1982). It is commonly
foimd on rocky, well-drained slopes. Overall,
the distribution of this species is from north-

wintertime solar
tissue temperature fluctuations in the winter and sum-

distribution

Utah, in the north. Little

is

mer

The study

limited to

warmer
its

sites

than

smaller size and greater heat

loss characteristics.

Low

wintertime temperatures can be an

important factor limiting the distributions of
many cacti (Shreve 1911, 1914; Turnage and
Hinckley 1938). Osmotic water potentials of
Sonoran Desert cacti range from -0.4 to -1.8

MPa

(Walter and Stadelmann 1974), which
will lower the freezing point less than 1 C.
Minimimi temperatures on the slopes of the
Beaver Dam Mountains are often below
freezing, and 24-hour periods of subfreezing
temperatures are rare, but known to occur
(U.S. Weather Bureau Records). Thus, freezing tissue temperatures would appear to be
possible at the northern distribution limit of
the barrel cactus.

The purpose

of this study

was

to

in-

vestigate factors influencing the distribution

of F. acantliodes at

its

northern distribution

'Department of Biology, University of Utah,

Salt

Lake

City,

was on the southwestern
Dam Mountains in an

area within 1 km of Castle Cliffs (lat. 37°04'
N, lat. 113°52' W). The mean elevation of

is

acanthodes

F.

site

slopes of the Beaver

although Nobel (1980a) has suggested

because of

to

and the diurnal

Methods and Materials

Mountains,
known about the

that F. viridescens, a small globular species,

related

seasons.

Dam

factors limiting the distribution of this species,

as

radiation heating

eastern Baja California in the south to the

lower slopes of the Beaver

To do this, we measured the relationbetween plant density and micro-

the sites sampled was approximately 1250 m.
Ferocactus acanthodes (Lemaire) Britt. &
Rose was studied in situ on the rocky slopes
where they occur in the transition zone between the Great Basin and Mohave Desert

vegetation types. This transition community
was dominated by Larrea divaricata, Coleo-

gyne

ramosissinia,

Pruntis fascictilata,

Krameria
Opiintia

parviflora,
acanthocarpa,

and Yucca brevifolia.
Cactus tissue temperatures were measured
below the epidermal
depth of 2-3
surface using 24-gage copper-constantan
thermocouples. Air temperature at 50 cm
was measured with a 24-gage copper-constantan thermocouple shielded to reduce
radiation errors. All temperature data were
sampled at one-minute intervals using a portable micrologger (model CR21, Campbell
Scientific, Logan, Utah) and averaged over a
at a

60-minute period.
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Fig. 4. Diurnal fluctuations in air and Ferocactus acanthodes tissue temperatures at Castle Cliffs lA-'lb June and
9- lo' December 1981.

On

day

at the winter sol-

Also consistent with both the summer and
winter data sets was the observation that the

orientations.

was cooler at night than other
parts of the cactus and was usually cooler
than air temperature. The significance of this
observation will be discussed in the next

of direct solar radiation incident on a hori-

apical region

micro-distributions of the barrel cac-

tus were not uniform on all slopes. The cacti
were foimd effectively only on slopes that

faced south (Fig.

5).

The

density of barrel

(December

a clear

21), the total daily

amount

would be approximately 8 MJ
m-2 From our observations, the barrel cactus
did not occur on slopes with less than 11.5
zontal slope

MJ

section.

The

stice

m-

day-^ total solar radiation, and high

densities of cacti did not occur until the total

solar radiation

exceeded 13 MJ

m

-

day-'

(Fig. 6).
It

seems

likely that the size distributions of

cactus ranged as high as 0.385 individuals m"^

barrel cactus on slopes with contrasting ori-

on due-south-facing

entations should be different. Unfortunately,

creased to zero
slopes

slopes, but

quickly de-

slope azimuth deviated

where the cactus density was great-

analyses of frequency-size distributions could

inclined, ranging

from south.

Discussion

where the density

was less than 0.06 were mostly less than 20°.
aspect of the apparent restriction of

barrel cactus to south-facing slopes

was

that

the amount of solar radiation incident on
these slopes during the winter was much
higher than would occur on either a horizontal

not be made.

20° -25°. In contrast,

the slope angles at sites

One

limited population sizes on non-south-

facing slopes were so small that statistical

in either direction

er tlian 0.06 individuals ni"^, the slope angles

were

the

On

60 degrees
all

when

surface or on tilted slopes with different

The

distribution of the barrel cactus {Fero-

cactus acanthodes may be limited by two factors at its northern distribution limit: the
ability of seedlings to become established
(drought) and the ability of both seedlings

and mature plants to avoid temperature extremes. These temperature extremes could
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more slowly than
stemmed Optintia cactus.
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that the barrel cactus cools

radiation incident on the sides of the cactus

the cylindrically

during the peaks of the drought period in the
study area (September-October).
Cactus height distributions can help identify the periods of seedling establishment in a
population (Shreve 1910, Brum 1973, Jordan
and Nobel 1981, 1982). At our study site in
the Beaver Dam Mountains, there was a
single peak in height distribution at the

Our data corroborate

these previous observa-

tions as nighttime tissue

apical region

temperatures in the

were approximately 2

C

cooler

than the cactus sides, both in the winter and
in the

summer.

Since the apical region faced south, winter
tissue

temperatures should

quickly dur-

rise

The amount of solar radiation
absorbed is accentuated by steep tissue angles, such as were observed in this study. As a
consequence of this orientation, midday apiing the day.

cal region tissue

were

as

much

temperatures

in the

C

air

as

19

above

winter

temper-

Under subzero air temperatures,
which may occasionally occur during the

atures.

winter, the orientation of the apical region

should result in tissue temperatures being
above zero during the daytime hours. This
would limit the time that the apical region
was exposed to potentially low, lethal tem-

31-40 cm

Additionally, there

interval.

was

only a single individual observed to be less
than 11 cm tall (it was 10 cm). Jordan and

Nobel (1982) determined that the average
yearly growth rate was a constant 9 mm yr-^
acanthodes.

for F.

calculate that no

Using

new

estimate,

this

we

barrel cactus plants

have become established in the Beaver Dam
population since approximately 1969 and
that a major period of establishment was
1937-1947. Precipitation records for the region bear out that these were abnormally wet
periods.

peratures to the nighttime only.
Air

temperature

and

relative

mine the

the cactus. Jordan

and Nobel (1981) showed

that seedling establishment in F. acanthodes

was
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The globular shape observed in younger
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